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(57)Abstract 

PURPOSE: To form a microscopically smooth three-dimensional 
surface shape and to provide a fine structure or a press mold. 
CONSTITUTION: A resist 4 of which the a-value is adjusted to 1.0 
is applied to a substrate 3 to be exposed (a) by using a mask 1 
having a specific shading pattern changing exosure intensity 
continuously. Subsequently, the resist 4 is developed by a developer 5 ^ 
to form a resist image 5 (b). Continuously, the resist image 5 is 
transferred to a substrate 3 to form a three-dimensional shape 
(object) (c). 
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* NOTICES * 

*JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] " 

[Claim 1] The process which exposes said resist layer using the mask for lithography which has the protection- 
from-light nature pattern to which the exposure reinforcement which forms a resist layer on a base material and 
reaches this resist layer is changed continuously, The process which carries out the development of the resist layer 
after said exposure, and forms the resist image of a three-dimensions configuration, In the formation approach of a 
three-dimensions configuration of having the process which etches said resist image and base material into 
coincidence, and imprints the three-dimensions configuration of a resist image to a base material The formation 
approach of the three-dimensions configuration characterized by using the resist and/or the resist image formation 
conditions that the residual membrane curve of a resist turns into a residual membrane curve of a loose inclination. 
[Claim 2] The formation approach of a three-dimensions configuration according to claim 1 that a resist which 
serves as a residual membrane curve of said loose inclination is a resist of low resolving power with low contrast. 
[Claim 3] The formation approach of a three-dimensions configuration according to claim 1 or 2 that resist image 
formation conditions which serve as a residual membrane curve of said loose inclination are the baking conditions 
and/or the development conditions of a resist 

[Claim 4] The formation approach of claim 1 whose resist and/or resist image formation conditions which serve as a 
residual membrane curve of said loose inclination are conditions from which the contrast of a resist becomes 2.0 or 
less with a gamma value thru/or a three-dimensions configuration given in three. 

[Claim 5] The formation approach of claim 1 characterized by performing reduced projection exposure in the 

process which exposes said resist layer thru/or a three-dimensions configuration given in four. 

[Claim 6] The formation approach of claim 1 characterized by heating the resist image of this three-dimensions 

configuration at temperature higher than the melting point of this resist after the process which forms the resist 

image of a three-dimensions configuration by said development thru/or a three-dimensions configuration given in 

five. 

[Claim 7] The three-dimensional structure object which was manufactured by the formation approach of claim 1 
thru/or a three-dimensions configuration given in six and which sees microscopically and has the shape of smooth 
three-dimensions surface type. 

[Claim 8] The press-forming mold which was manufactured by the formation approach of claim 1 thru/or a three- 
dimensions configuration given in six and which sees microscopically and has the shape of smooth three-dimensions 
surface type. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the formation approaches, such as a press-forming mold for mass- 
producing the microstructures which structure control was especially improved by precision to the three dimensions 
of a micro lens, a micro machine, a micro sensor, etc., and these microstructures about the formation approach of a 
three-dimensions configuration, etc. 
[0002] 

[Description of the Prior Art] In recent years, production of microstructures, such as a micro machine, is tried using 
the lithography technique used for semi-conductor manufacture etc. Although the method of applying a photoresist 
to the base material for microstructure formation, specifically exposing and developing [ mind and ] a photo mask, 
obtaining a resist pattern, imprinting this resist pattern to the base material for microstructure formation by etching, 
and manufacturing a microstructure is learned, if it is this approach, the configuration of the depth direction of the 
microstructure obtained is limited to the rectangle, and cannot control the configuration of the depth direction. 
[0003] Then, various examination is carried out and the production approach of the microstructure which structure 
control was improved by precision is proposed by the three dimensions of a three-dimensions curved surface etc/ 
[0004] For example, heating fusion of the resin pattern array formed in the rectangle is carried out, it deforms into a 
spherical-surface configuration, and the approach of producing the convex type micro-lens array made of resin is 
proposed (it considers as a well-known example 1). ( J P, 5-402 16, A) 

[0005] Moreover, the approach of repeating exposure and development and producing a stair-like configuration as 
an option, is proposed (it considers as a well-known example 2). Gournal vacuum Science technology B9 (6) 1991 
3117 -3120 pages) 

[0006] Furthermore, the approach of producing the configuration according to the light exposure of an electron 
beam in changing the light exposure of an electron beam with an exposure location, exposing to an electron beam 
resist as other approaches, and developing this is proposed (it considers as a well-known example 3) (JP 2- 
44060.B) 

[0007] Moreover, the light which made a part of spacing of the protection-from-light part of a photo mask below the 
diffraction limitation of exposure wavelength, and penetrated between this protection-from-light part exposes a 
photoresist through the photo mask which gives the amount of transmitted lights which changes continuously 
superficially, subsequently, by carrying out a development the approach of forming the after-image resin pattern 
(resist image of a three-dimensions configuration) according to light exposure in the exposed field is proposed (eye I 
I [ ] — ■ I proceedings-on em I em S — in 1994) 205 - 210 pages (it considers as a well-known example 4). 
[0008] On the other hand, about the manufacture approach of the press-forming mold for mass-producing a 
microstructure, the approach of imprinting to a photopolymer the configuration of a transparence matrix where 
micro processing has been performed, and imprinting the imprinted photopolymer in the mold for substrate press 
molding by etching is proposed (it considers as a well-known example 5). (JP,6-15184,B) 
[0009] 

[Problem(s) to be Solved by the Invention] However, there is a problem as shown below in the production approach 
of the conventional microstructure mentioned above. 

[0010] That is, if it is in the approach of well-known example 1 publication, there is a problem of keeping being 
restricted to what has the spherical configuration acquired since spherical-surface-ization is performed using the 
surface tension of the fused resin. 

[001 1] Moreover, if it is in the approach of well-known example 2 publication, since it is necessary to repeat 
processes, such as resist membrane formation, exposure, and development, two or more times, and to perform them, 
manufacture is complicated, and it is necessary to perform alignment of a photo mask and the exposed body strictly, 
and there is a problem that manufacture is difficult technically. 

[0012] Furthermore, if it is in the approach of well-known example 3 publication, since all patterns are drawn with 
the electron beam, exposure takes time amount and there is a problem that productivity is very low. 
[0013] Moreover, if it is in the approach of well-known example 4 publication, the resist image of a three-dimensions 
configuration is producible with sufficient productivity, but since the shape of the surface type is stair-like (notched) 
when the resist image of a three-dimensions configuration actually producible by the approach of a well-known 
example 4 is seen microscopically, there is a problem that it is difficult to actually apply to manufacture of products, 
such as a micro lens as which the shape of smooth surface type is required. 
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[0014] Furthermore, if it is in the approach of well-known example 5 publication, since the matrix is produced by 
machining, producing the three-dimensions configuration of 100 micrometers or less has the problem of being 
difficult In addition, if it is in production of the press die using a superhard ingredient, in order to usually perform 
grinding by the grinding stone, and polish, there is also a problem that the magnitude of a processed mold is 
restricted more than a millimeter. 

[0015] This invention is made in view of the trouble . mentioned above, and aims microscopic at offer of the formation 
approach of the shape of smooth three-dimensions surface type. Moreover, it aims at offer of the press-forming 
mold for mass-producing the microstructures which structure control was improved by precision, and these 
microstructures etc. to the three dimensions which have the shape of smooth three-dimensions surface type 
microscopically. 

[0016] ' 

[Means for Solving the Problem] In order to attain the above-mentioned purpose the formation approach of the 
three-dimensions configuration of this invention The process which exposes said resist layer using the mask for 
lithography which has the protection-from-light nature pattern to which the exposure reinforcement which forms a 
resist layer on a base material and reaches this resist layer is changed continuously, The process which carries out 
the development of the resist layer after said exposure, and forms the resist image of a three-dimensions 
configuration, In the formation approach of a three-dimensions configuration of having the process which etches 
said resist image and base material into coincidence, and imprints the three-dimensions configuration of a resist 
image to a base material The residual membrane curve of a resist is considered as the configuration which uses a 
resist and/or resist image formation conditions which serve as a residual membrane curve of a loose inclination. 
[0017] Moreover, the formation approach of the three-dimensions configuration of this invention is set to the 
formation approach of the three-dimensions configuration of above-mentioned this invention. The configuration 
whose resist which serves as a residual membrane curve of said loose inclination is a resist of low resolving power 
with low contrast, The configuration whose resist image formation conditions which serve as a residual membrane 
curve of said loose inclination are the baking conditions and/or the development conditions of a resist, In the 
configuration whose resist and/or resist image formation conditions which serve as a residual membrane curve of 
said loose inclination are "conditions from which the contrast of a resist becomes 2.0 or less with a gamma value, 
and the process which exposes said resist layer the configuration which performs reduced projection exposure — or 
— It has considered as the configuration which heats the resist image of this three-dimensions configuration at 
. temperature higher than the melting point of this resist after the process which forms the resist image of a three- 
dimensions configuration by said development 

[0018] Moreover, the minute three-dimensional structure object of this invention is considered as the configuration 
which manufactures the three-dimensional structure object which sees microscopically and has the shape of 
smooth three-dimensions surface type by the formation approach of the above-mentioned three-dimensions 
configuration. 

[0019] Furthermore, the press-forming mold of this invention is considered as the configuration which manufactures 
the press-forming mold which sees microscopically and has the shape of smooth three-dimensions surface type by 
the formation approach of the above-mentioned three-dimensions configuration. 

[0020] Hereafter, this invention is explained to a detail. In the formation approach of the three-dimensions 
configuration of this invention, first, a resist layer is formed on a base material and said resist layer is exposed using 
the mask for lithography which has the protection-from-light nature pattern to which the exposure reinforcement 
which reaches this resist layer is changed continuously. 

[0021] Here, although any ingredients can especially be used and it will not be restricted if it is the high ingredient of 
lightfastness or a mechanical strength as a base material ingredient, the engineering plastics represented by charges 
of an infrared-transparent material, such as glass ingredients, such as a superhard ingredient of SiC, WC, TiC, 
Cr3C2, TiN, and aluminum203 grade and a quartz, and Si, germanium, and polyamides are mentioned, for example. 
Although especially the configuration of a base material is not restricted, a substrate is usually used. 
[0022] Moreover, formation of a resist layer is formed by the existing approaches, such as a spin coat a DIP coat, 
and a spray coat about a solution type resist, and is formed by the existing approaches, such as vacuum deposition, 
sputtering, and CVD, about solid type resists, such as an inorganic resist. 

[0023] In this invention, the mask for lithography which has the protection-from-light nature pattern to which the 
exposure reinforcement which reaches a resist layer is changed continuously is used. Generally this is for changing 
continuously the exposure reinforcement to which it reaches a resist layer since the residual film thickness after 
the development of a resist changes corresponding to the exposure light reinforcement (light exposure) exposed on 
the resist, and changing the residual film thickness after the development of a resist continuously. 
[0024] Here, some classes are mentioned as a mask for lithography which has the protection-from-light nature 
pattern to which the exposure reinforcement which reaches a resist layer is changed continuously. For example, the 
mask to which a part of optical density [ at least ] of a protection-from-light part was changed continuously is 
mentioned. Such a mask changes the thickness of a light-shielding film continuously, or changes the presentation of 
a light-shielding film continuously, and is obtained. 

[0025] As other masks, the mask which made a part of spacing [ at least ] of the protection-from-light part of a 
mask spacing below the diffraction limitation of exposure wavelength, or the mask which made a part of spacing [ at 
least ] of the opening part of a mask spacing below the diffraction limitation of exposure wavelength is mentioned. In 
this case, what is necessary is just to carry out to below the marginal pitch that shows these spacing below, in 
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order to. make spacing of the protection-from-light part of a mask, or spacing of an opening part into spacing below 
the diffraction limitation of exposure wavelength. 
Pc=lambda/NA (1+sigma) 

Here, in a marginal pitch and lambda, exposure wavelength and NA show the numerical aperture of an exposure 
machine, and sigma shows [ Pc ] the filling factor of the protection-from-light part in a pixel, respectively. Although 
the configuration of a protection-from-light part will not be restricted about the filling factor of a protection-from- 
light part here especially rf it is a configuration which can carry out adjustable [ of the face shield product in one 
pixel ], configurations, such as the shape of the shape of a line and a dot and a rectangle, are mainly used. 
[0026]- In addition, if it is when carrying out contraction exposure using a stepper, spacing of the protection-from- 
light part of an actual mask (reticle) or spacing for opening is not made into spacing below the diffraction limitation 
of exposure wavelength, but it is made for spacing of a protection-from-light part or spacing for opening on the 
resist by which contraction projection was carried out to turn into spacing below the diffraction limitation of 
exposure wavelength. 

[0027] When width of face (pitch) of the pattern which can be imprinted correctly, or area of a pattern is set to 1 
and exposure reinforcement in this case is set to 1, without being influenced of diffraction, the mask mentioned 
above tends to make the width of face, or area of a pattern one or less, and tends to obtain one or less in-between 
exposure reinforcement using the effect of diffraction. 

[0028] As a mask of further others, the mask which made a part of spacing [ at least ] of the protection-from-light 
part of a mask spacing below the resolution limit of a resist, or the mask which made a part of spacing [ at least ] 
for opening of a mask spacing below the resolution limit of a resist is mentioned. For example, if the resolution limit 
of a resist is 1 micrometer, let spacing of the protection-from-light part of a mask, or spacing of an opening part be 
spacing of 1 micrometer or less. Since the marginal pitches mentioned above when the resolution limits (resolving 
power) of a resist differed also differ, this tends to take this into consideration. Therefore, if the resolution limit of a 
resist is 2 micrometers, let spacing of the protection-from-light part of a mask, or spacing of an opening part be 
spacing of 2 micrometers or less. 

[0029] In addition, if it is a transparent ingredient to .exposure wavelength as a mask substrate, all can use, and if it 
is the matter which can imprint the pattern which has the contrast of the optical density needed for a transferred 
object through a mask as a light-shielding film which constitutes the protection-from-light section, all can use about 
the formation ingredient of the mask for lithography which has the protection-from-light nature pattern. to which the 
exposure reinforcement mentioned above is changed continuously. Specifically as a mask substrate, a quartz-glass 
plate, an aluminoborosilicate glass plate, etc. are mentioned, for example. Moreover, as a light-shielding film 
ingredient chromium, chromic oxide, tungsten silicide, tantalum silicide, molybdenum silicide, silver colloid, etc. are 
mentioned, for example. 

[0030] An electron ray mask besides a photo mask and an X-ray mask and an ion beam mask are also contained in 
the above-mentioned mask for lithography. Moreover, actual size exposure of adhesion exposure (contact exposure), 
contiguity exposure (pro squeak tee exposure), actual size projection exposure (mirror projection exposure), etc., 
reduced projection exposure, etc. are contained in the exposure approach. If reduced projection exposure is used, 
compared with actual size exposure, a more detailed microstructure can be formed easily. Furthermore, ultraviolet 
and the light, excimer laser, an X-ray (synchrotron radiation ****), an electron ray, an ion beam, etc. are contained 
in the exposure light source. 

[0031] In this invention, in case the development of the resist layer after the above-mentioned exposure is carried 
out and the resist image of a three-dimensions configuration is formed, it is characterized by using the conditions in 
which the resist image which sees microscopically and has a smooth front face is formed. It is because it is stair- 
like if continuous change of this exposure reinforcement is seen microscopically although the exposure 
reinforcement which reaches a resist layer with the mask for lithography which has the above-mentioned specific 
protection-from-light nature pattern will change continuously, if contrast uses the resist of high resolving power 
with this high, so the front face of the resist image of the three-dimensions configuration acquired sees 
microscopically and becomes stair-like (notched). 

[0032] Then, this invention persons invented using positively the conditions which cannot form a sharp resist image. 
Specifically by this invention, a resist and/or resist image formation conditions which serve as a residual membrane 
curve of a loose inclination are used. 

[0033] Here, the residual membrane curve (characteristic curve) of a resist is a curve which takes the value 
(remaining rate of membrane) which took the common logarithm of an exposure along the axis of abscissa, and 
standardized the thickness after developing negatives on an axis of ordinate by spreading thickness, and is generally 
obtained, and the configurations (inclination etc.) of this residual membrane curve change with own properties (class 
of resin which constitutes a resist etc.) of a resist, the heat treatment conditions (prebaking conditions etc.) of a 
resist, development conditions, the exposure light sources, etc. Moreover, the inclination of a residual membrane 
curve is called a gamma value (gamma value), this gamma value serves as an index showing the contrast of a resist, 
and riser resolution also goes up contrast so that this value is high. Generally, the gamma value of negative resist is 
defined by the inclination (tangent value of an angle of inclination) of a residual membrane curve in case a remaining 
rate of membrane is set to 0.5. and the gamma value of a positive resist is defined by the inclination of a residual 
membrane curve in case a remaining rate of membrane is set to 0. 

[0034] Therefore, if a resist and resist image formation conditions which serve as a residual membrane curve of an 
inclination loose as a whole are used, the resist image of the smooth configurations (edge etc.) of low resolving 
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power where contrast is low can be formed. This is because the residual film thickness of a resist can be controlled 
jjn the range where exposure reinforcement is large as the inclination of a residual membrane curve is loose, and the 
resist residual film thickness according to a delicate change of exposure reinforcement can be obtained. 
[0035] Here, although the resist of low resolving power with low contrast is mentioned as a resist which serves as a 
residual membrane curve of a loose inclination, such a resist carries out selection adjustment and prepares the 
content of the class of resin which constitutes a resist, a sensitization material, a solvent, etc., etc. 
[0036] Moreover, as resist image formation conditions which serve as a residual membrane curve of a loose 
inclination, the baking conditions and/or the development conditions of a resist are mentioned. This is for the 
configuration of a residual membrane curve to change with the heat treatment conditions and development 
conditions of a resist, as mentioned above. 

[0037] As development conditions, developing time, the development approach, the class of developer, 
concentration and temperature, the dissolution property of a resist, etc. are mentioned, and these conditions are set 
up so that it may become the residual membrane curve of a loose inclination. Since especially the dissolution 
property of developing time or a resist affects the resist configuration after development (resist profile), it sets up 
conditions in consideration of this. Since [ which various these conditions are changed, actually creates a residual 
membrane curve specifically, and should just set up various conditions based on this ] development temperature, 
the development approaches (spray ** in a spray method or convection-current rate of the developer in a dipping 
method), etc. affect resolution, conditions are set up in consideration of these again. 

[0038] Prebaking is performed in order to usually remove a solvent out of the resist film, but in this invention, 
prebaking temperature and prebaking time amount are set up so that it may become the residual membrane curve of 
a loose inclination. 

[0039] In addition, in the usual semi-conductor process, if a gamma value takes into consideration that the resist of 
2.0 or more high contrast and high resolution is used, it can be said that they are the conditions from which the 
contrast of a resist becomes 2.0 or less with a gamma value as the resist and/or resist image formation conditions 
which serve as a residual membrane curve of a loose inclination. Here, like the case of the residual membrane curve 
mentioned above, since the value of a gamma value changes with the own property of a resist, the heat treatment 
conditions of a resist, development conditions, etc., if these are adjusted, it can acquire a desired gamma value. 
Although it is desirable that it is 2.0 or less from the above-mentioned reason as for the value of a gamma value, in 
order to make effectiveness of this invention into a clearer thing, it is desirable that a gamma value is 1.5 or less, 
and it is still more desirable that it is 1.0 or less. What is necessary is just to warn against becoming extremely low, 
since the resist residual film thickness according to a delicate change of exposure reinforcement is obtained about 
the minimum of a gamma value. 

[0040] In addition, as a class of resin which constitutes a resist, photopolymerization nature resin, such as 
photodegradable resin, such as photocrosslinkable resins, such as a photodimerization mold photopolymer of a 
cinnamate system and a metal ion dichromic acid mold photopolymer, a photolysis bridge formation mold 
photopolymer of an azide system, a photolysis insoluble mold photopolymer of diazo **, and a photolysis meltable 
mold photopolymer of a quinone diazide system, an unsaturated polyester system photopolymer, an acrylate system 
photopolymer, a nylon system photopolymer, and a cationic polymerization system photopolymer, the inorganic 
resist of a chalcogenide type, etc. are mentioned, for example. These resin may be used independently, and may mix 
and use two or more kinds. 

[0041] By this invention, the resist image of a three-dimensions configuration may be heated at temperature higher 
than the melting point of a resist after the process which forms the resist image of a three-dimensions configuration 
by the above-mentioned development A resist deforms by this and it becomes smooth. Thus, if heating melting is 
performed after the above-mentioned process, compared with the case where heating fusion is carried out 
independently, the resist image of a three-dimensions configuration with them will be acquired for a short time. 
[ there are few local defects with few waves, and smoother ] 

[0042] In this invention, after the above-mentioned development process, a resist image and a base material are 
etched into coincidence, and the three-dimensions configuration of a resist image is imprinted to a base material. In 
this case, for imprinting the same configuration as a resist image, the etch rate of a resist and a substrate base 
material is made equal. Moreover, for acquiring the configuration compressed into the lengthwise direction, the etch 
rate of a resist is made quicker than the etch rate of a substrate base material, and for acquiring the configuration 
conversely extended to the lengthwise direction, the etch rate of a resist is made later than the etch rate of a 
substrate base material. 

[0043] In addition, since an etch rate changes with the etching conditions in the resist and etching system to be 
used, it needs to judge these synthetically and needs to choose etching conditions. Since an etch rate changes with 
conditions, such as structure (class) of equipment, an etching pressure (gas pressure), an etching output, a quantity 
of gas flow, and substrate temperature, in using a dry etching system especially, it is necessary to judge these 
synthetically and to choose etching conditions. 

[0044] In addition, although wet etching and dry etching are mentioned as the etching approach, in order to imprint 
the configuration of a resist pattern to a substrate correctly as much as possible, it is desirable to adopt dry 
etching. Although especially a dry etching system is not restricted, well-known dry etching systems, such as parallel 
monotonous mold reactive-ion-etching equipment and magnetron ion etching equipment, are used, for example. 
[0045] The mixed gas which contains the simple substance gas of CF4, CHF3, C2F6, a fluorine system that is 
represented by CI2, and a chlorine system, or these gas as gas used for dry etching is desirable. Moreover, inert gas, 
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such as^as, such as oxygen or hydrogen, or helium, Ar, may be mixed in these gas if needed, 

10046] according to the above-mentioned this invention approach — microscopic — seeing — the shape of smooth 
three-dimensions surface type — it can form . Moreover, according to this invention approach, it is effective 
especially as the manufacture approach of the microoptics components which can manufacture efficiently the 
microstructure of the smooth front face which structure control was improved by precision to three dimensions, and 
need the shape of smooth surface type for them microscopically practically especially. Furthermore, according to 
this invention approach, the minute press-forming mold of the smooth front face which structure control was 
improved by precision to the three dimensions which were not able to be acquired conventionally can be 
manufactured efficiently. In addition, the formation approach of the three-dimensions configuration of this invention 
is not restricted to a microstructure, but can be applied also to the structure of the usual magnitude. 
[0047] Other invention of this invention is three-dimensional structure objects characterized by manufacturing by 
the formation approach of the three-dimensions configuration mentioned above. The three-dimensional structure 
object of this invention is a microstructure which structure control was improved by precision to the three 
dimensions which have the shape of smooth three-dimensions surface type microscopically, and is effective 
especially as microoptics components which need the shape of smooth surface type microscopically practically. 
That is, conventionally, this invention attains utilization of the microoptics components which were not able to be 
obtained as a practical use product and its utility value on industry is very high. 

[0048] In addition, especially the application or class of microstructure are not restricted. As an application of a 
microstructure, the application as microoptics components, micro machine components, and micro sensor 
components is mentioned, for example. Moreover, as a class of microoptics components, gratings, such as spherical 
lenses and aspheric lenses, such as a convex type lens, a concave lens, an anamorphic lens, and a lenticular lens, a 
triangular waveform grating, a sinusoidal form grating, and a trapezoidal wave form grating, prism, a zone plate, a 
Fresnel lens, a holographic lens, etc. are mentioned. As a class of micro machine components or micro sensor 
components, a convex type spherical-surface object, a concave spherical-surface object an aspheric surface 
object, a drill-like projection object etc. are mentioned. 

[0049] in addition, two or more microstructures [ this invention ] — arrangement of arbitration — arranging — being 
producible — producing a microstructure continuously further **** — the microstructure of continuation one 
apparatus — a continuum is producible. 

[0050] Other invention of this invention is press-forming molds characterized by manufacturing by the formation 
approach of the three-dimensions configuration mentioned above. According to the press-forming mold of this 
invention, a microstructure can be mass-produced easily. 

[0051] Here, although any ingredients can especially be used and it will not be restricted if it is lightfastness, 
thermal resistance, and the high ingredient of a mechanical strength as a base material processed into a minute 
press-forming mold, the engineering plastics represented by charges of an infrared-transparent material, such as 
glass ingredients, such as a superhard ingredient of SiC, WC, TiC, Cr3C2, TiN, and aluminum203 grade and a quartz, 
and Si, germanium, and polyamides are mentioned, for example. 

[0052] In addition, glass, plastics, etc. are used as an ingredient to press. In this case, the optical glass of BK-7 
grade is used as glass. Moreover, in using plastics as an ingredient to press, transparent materials, such as a quartz, 
are used for a press die, it is filled up with ultraviolet-rays hardening resin between a press die and a transferred 
substrate, ultraviolet rays are irradiated, resin is stiffened, and it can carry out press molding of the microoptics 
component made of resin etc. Here, as ultraviolet-rays hardening resin, well-known resin, such as mixture of 
polystyrene resin, an epoxy resin, urethane resin, polyolefin resin, polyimide resin, polyamide resin, polyester resin, or 
these resin, can be used. 

[0053] Furthermore, a heat-resistant ingredient is used for a press die, and it is filled up with heat-curing resin 
between a press die and a transferred substrate, and with heating, heat-curing resin can be stiffened and the 
microoptics component made of resin etc. can also be cast. Here, as heat-curing resin, well-known resin, such as 
mixture of polystyrene resin, acrylic resin, an epoxy resin, urethane resin, polyolefin resin, polyimide resin, polyamide 
resin, polyester resin, or these resin, can be used. 
[0054] 

[Example] Hereafter, based on an example, this invention is explained still more concretely. 

[0055] The positive type styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
1.0 was applied on the example 1 quartz substrate 3, and the resist 4 was exposed with the actual size g line 
adhesion exposure machine using the photo mask 1 which has the circular protection-from-light pattern 2 as shown 
' n drawing 1 ( drawing 2 (a)). Here, what shall have the protection-from-light pattern 2 with which the occupancy 
area of a protection-from-light part decreases gradually toward a circle periphery, and spacing of a protection- 
from-light part made below the marginal pitch (Pc=0.1 1 micrometer) was used for the photo mask 1 shown in drawing 
1. 

[0056] Subsequently, the photoresist 4 was developed with the developer (A2 developer r by Hoechst A.G.) 
(developing time 120 seconds, prebaking temperature of 90 degrees C, time amount 60 minutes), and 20 
micrometers of vertical angles and the convex type spherical-surface resist image 5 with a height of 1 micrometer 
were formed ( drawing 2 (b)). 

[0057] Using parallel monotonous mold reactive-ion-etching equipment, supply the high-frequency power of 250W 
and on then, C2F6 flow-rate 50sccm and the conditions which made the etch rate of a resist 4 the same as that of 
the etch rate of a substrate 3 Dry etching of the quartz substrate which has the above-mentioned convex type 
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spherical-surface resist image was carried out, the convex type spherical-surface resist image 5 was imprinted to 
the quartz substrate 3, and 20 micrometers of vertical angles and the convex type spherical-surface object made 
from a quartz with a height of 1 micrometer were formed ( drawing 2 (c)). 

[0058] 20 micrometers of vertical angles and the convex type spherical-surface object made from a quartz with a 
height of 1 micrometer which were acquired in the example 2 example 1 are made into a matrix, and it is filled up 
with a photopolymerization nature monomer (monomer INC312 for 2by Japanese chemistry medicine company P) 
between a matrix and a substrate. By the exposure reinforcement of 20 mW/cm2 The mercury-vapor lamp was 
irradiated for 240 seconds, polymerization hardening of the monomer was carried out, and 20 micrometers of vertical 
angles and the concave spherical-surface object made of resin with a depth of 1 micrometer were formed. 
[0059] The positive type styrene system photoresist 4 corresponding to g line whose gamma value is 2.0 was 
applied on the example 3SiC substrate 3, and spacing of the protection-from-light part the part is indicated to be to 
drawing 3 exposed the resist 4 with the actual size g line adhesion exposure machine using the photo mask 1 (less 
than [ Pc=0.1 1 micrometer ]) which has the protection-from-light pattern 2 which changes gradually ( drawing 4 (a)). 
[0060] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A~G.), further, 
heat treatment was performed for 30 minutes at 200 degrees C, and the sinusoidal diffraction-grating resist image 5 
with a grid pitch 105.6micrometer and a grid depth of 0.698 micrometers was formed ( drawing 4 (b)). 
[0061] Then, using parallel monotonous mold reactive-ion-etching equipment, the high-frequency power of 250W 
was supplied, on CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 quicker than the 
etch rate of a substrate 3, dry etching of the SiC substrate which has the above-mentioned sinusoidal diffraction- 
grating resist image was carried out, the sinusoidal diffraction-grating resist image 5 was compressed and imprinted 
to the quartz substrate 3 in the lengthwise direction, and the sinusoidal diffraction grating with a grid pitch 
105.6micrometer and a grid depth of 0.279 micrometers was formed ( drawing 4 (c)). 

[0062] The sinusoidal diffraction grating with a grid pitch 105.6micrometer obtained in the example 4 example 3 and 
a grid depth of 0.279 micrometers was made into the matrix, after heating the glass which consists of 70 % of the 
weight of silicon dioxides, 25 % of the weight of lead oxide, and some kinds of other trace element components, it 
pressed, and the glass sine wave diffraction grating with a grid pitch 105.6micrometer and a grid depth of 0.279 
micrometers was formed. 

[0063] The positive type styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
0.7 was applied on the example 5SiC substrate 3, and the occupancy area of a protection-from-light part exposed 
the resist 4 using the photo mask 1 (less than [ Rc=0.50micrometer ]) which has the zona-orbicularis-like 
protection-from-light pattern 2 which decrease in number gradually toward the periphery the part is indicated to be 
to drawing 5 with 5 times many g line [ as this ] reduced-projection-exposure machine ( drawing 6 (a)). 
[0064] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A.G.), and the 
Fresnel lens resist image 5 by which the diameter of 48 micrometers and the configuration with a depth of 3.88 
micrometers were reversed was formed ( drawing 6 (b)). 

[0065] Using parallel monotonous mold reactive-ion-etching equipment supply the high-frequency power of 250W 
and on then, CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 quicker than the etch 
rate of a substrate 3 Carry out dry etching of the SiC substrate which has the Fresnel lens resist image by which 
the above-mentioned configuration was reversed, and the Fresnel lens resist image 5 by which the configuration 
was reversed is compressed and imprinted to the quartz substrate 3 in a lengthwise direction. The Fresnel lens 
object made from SiC with which the diameter of 48 micrometers and the configuration with a depth of 1.55 
micrometers were reversed was formed ( drawing 6 (c)). 

[0066] After having made into the matrix the Fresnel lens object made from SiC with which the configuration 
acquired in the example 6 example 5 was reversed, being filled up with the epoxy resin which mixed and obtained 
Epicoat 152 by the oil-ized shell epoxy company, and the epicure 114 by the oil-ized shell epoxy company between 
the matrix and the quartz substrate and carrying out heat hardening for four days at 30 degrees C, the matrix was 
lengthened and removed and the Fresnel lens made of an epoxy resin with a diameter [ of 48 micrometers ] and a 
height of 1.55 micrometers was formed. 

[0067] The positive type styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
0.7 was applied on the example 7PMMA substrate 3, and the width of face of the protection-from-light part the part 
(it corresponds to the part of Illustration A) is indicated to be to drawing 7 exposed the resist 4 using the photo 
mask 1 (less than [ Pc=0.50micrometer ]) which has the protection-from- light pattern 2 which changes gradually 
with 5 times many g line [ as this ] reduced-projection-exposure machine ( dr aw ing 8 (a)). 

[0068] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A.G.), and V 
ditch type resist image 5 with a slot include angle [ of 1 20 degrees ] and a channel depth of 40 micrometers was 
formed ( drawing 8 (b)). 

[0069] Using parallel monotonous mold reactive-ion-etching equipment, supply the high-frequency power of 250W 
and on then, CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 later than the etch 
rate of a substrate 3 Dry etching of the PMMA substrate which has the above-mentioned V ditch type resist image 
was carried out, V ditch type resist image 5 was extended and imprinted to the PMMA substrate 3 in the lengthwise 
direction, and V ditch type made from PMMA with a slot include angle [ of 60 degrees ] and a channel depth of 120 
micrometers was formed ( drawing 8 (c)). 

[0070] In addition, when the front face of the microstructure formed in the above-mentioned examples 1-7 and a 
minute press-forming mold was observed by SEM (scanning electron microscope), it saw microscopically and having 
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the shape of smooth surface type was checked. 

[0071] Although the desirable example was given above and this invention was explained, this invention is not 

necessarily limited to the above-mentioned example. 

[0072] 

[Effect of the Invention] As explained above, according to the formation approach of the shape of three-dimensions 
surface type of this invention, it sees microscopically and the shape of smooth three-dimensions surface type can 
be formed. Moreover, according to this invention approach, it is effective especially as the manufacture approach of 
the microoptics components which can manufacture efficiently the microstructure of the smooth front face which 
structure control was improved by precision to three dimensions, and need the shape of smooth surface type for 
them microscopically practically especially. Furthermore, according to this invention approach, the minute press- 
forming mold of the smooth front face which structure control was improved by precision to the three dimensions 
which were not able to be acquired conventionally can be manufactured efficiently. 

[0073] Moreover, the minute three-dimensional structure object which sees microscopically [ this invention ] and 
has the shape of smooth three-dimensions surface type attains utilization of the microoptics components which 
were not able to be conventionally obtained as a practical use product, and is very high. [ of the utility value on 
industry ] 

[0074] Furthermore, according to the press-forming mold of this invention, a microstructure can be mass-produced 
easily. 
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2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the formation approaches, such as a press-forming mold for mass- 
producing the microstructures which structure control was especially improved by precision to the three dimensions 
of a micro lens, a micro machine, a micro sensor, etc., and these microstructures about the formation approach of a 
three-dimensions configuration, etc. 
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PRIOR ART 



[Description of the Prior Art] In recent years, production of microstructures, such as a micro machine, is tried using 
the lithography technique used for semi-conductor manufacture etc. Although the method of applying a photoresist 
to the base material for micro structure formation, specifically, exposing and developing [ mind and ] a photo mask, 
obtaining a resist pattern, imprinting this resist pattern to the base material for microstructure formation by etching, 
and manufacturing a microstructure is learned, if it is this approach, the configuration of the depth direction of the 
microstructure obtained is limited to the rectangle, and cannot control the configuration of the depth direction. 
[0003] Then, various examination is carried out and the production approach of the microstructure which structure 
control was improved by precision is proposed by the three dimensions of a three-dimensions curved surface etc. 
[0004] For example, heating fusion of the resin pattern array formed in the rectangle is carried out, it deforms into a 
spherical-surface configuration, and. the approach of producing the convex type micro-lens array made of resin is 
proposed (it considers as a well-known example 1). (JP,5-40216,A) 

[0005] Moreover, the approach of repeating exposure and development and producing a stair-like configuration as 
an option, is proposed (it considers as a well-known example 2). (journal vacuum Science technology, B9 (6), 1991, 
3117 -3120 pages) 

[0006] Furthermore, the approach of producing the configuration according to the light exposure of an electron 
beam in changing the light exposure of an electron beam with an exposure location, exposing to an electron beam 
resist as other approaches, and developing this is proposed (it considers as a well-known example 3). ( JP,2- 
44060,B) 

[0007] Moreover, let the photo mask which gives the amount of transmitted lights from which the light which made a 
part of spacing of the protection-fromHight part of a photo mask below the diffraction limitation of exposure 
wavelength, and penetrated between this protection -from- light part changes continuously superficially pass. The 
approach of forming the after-image resin pattern (resist image of a three-dimensions configuration) according to 
light exposure in the exposed field is proposed by exposing a photoresist and subsequently carrying out a 
development (it considers as a well-known example 4). (eye 1 1 1 proceedings-on em I em S, 1994, 205 - 210 pages) 
[0008] On the other hand, about the manufacture approach of the press-forming mold for mass-producing a 
microstructure, the approach of imprinting to a photopolymer the configuration of a transparence matrix where 
micro processing has been performed, and imprinting the imprinted photopolymer in the mold for substrate press 
molding by etching is proposed (it considers as a well-known example 5). (JP,6-15184,B) 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above; according to the formation approach of the shape of three-dimensions 
surface type of this invention, it sees microscopically and the shape of smooth three-dimensions surface type can 
be formed. Moreover, according to this invention approach, it is effective especially as the manufacture approach of 
the microoptics components which can manufacture efficiently the microstructure of the smooth front face which 
structure control was improved by precision to three dimensions, and need the shape of smooth surface type for 
them microscopically practically especially. Furthermore, according to this invention approach, the minute press- 
forming mold of the smooth front face which structure control was improved by precision to the three dimensions 
which were not able to be acquired conventionally can be manufactured efficiently. 

[0073] Moreover, the minute three-dimensional structure object which sees microscopically [ this invention ] and 
has the shape of smooth three-dimensions surface type attains utilization of the microoptics components which 
were not able to be conventionally obtained as a practical use product, and is very high. [ of the utility value on 
industry ] 

[0074] Furthermore, according to the press-forming mold of this invention, a microstructure can be mass-produced 
easily. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there is a problem as shown below in the production approach 
of the conventional microstructure mentioned above. 

[0010] That is, if it is in the approach of well-known example 1 publication, there is a problem of keeping being 
restricted to what has the spherical configuration acquired since sphericahsurface-ization is performed using the 
surface tension of the fused resin. 

[0011] Moreover, if it is in the approach of well-known example 2 publication, since it is necessary to repeat 
processes, such as resist membrane formation, exposure, and development two or more times, and to perform them, 
manufacture is complicated, and it is necessary to perform alignment of a photo mask and the exposed body strictly, 
and there is a problem that manufacture is difficult, technically. 

[0012] Furthermore, if it is in the approach of well-known example 3 publication, since all patterns are drawn with 
the electron beam, exposure takes time amount and there is a problem that productivity is very low. 
[0013] Moreover, if it is in the approach of well-known example 4 publication, the resist image of a three-dimensions 
configuration is producible with sufficient productivity, but since the shape of the surface type is stair-like (notched) 
when the resist image of a three-dimensions configuration actually producible by the approach of a well-known 
example 4 is seen microscopically, there is a problem that it is difficult to actually apply to manufacture of products, 
such as a micro lens as which the shape of smooth surface type is required. 

[0014] Furthermore, if it is in the approach of well-known example 5 publication, since the matrix is produced by 
machining, producing the three-dimensions configuration of 100 micrometers or less has the problem of being 
difficult In addition, if it is in production of the press die using a superhard ingredient in order to usually perform 
grinding by the grinding stone, and polish, there is also a problem that the magnitude of a processed mold is 
restricted more than a millimeter. 

[0015] This invention is made in view of the trouble mentioned above, and aims microscopic at offer of the formation 
approach of the shape of smooth three-dimensions surface type. Moreover, it aims at offer of the press-forming 
mold for mass-producing the microstructures which structure control was improved by precision, and these 
microstructures etc. to the three dimensions which have the shape of smooth three-dimensions surface type 
microscopically. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose the formation approach of the 
three-dimensions configuration of this invention The process which exposes said resist layer using the mask for 
lithography which has the protection-from-light nature pattern to which the exposure reinforcement which forms a 
resist layer on a base material and reaches this resist layer is changed continuously, The process which carries out 
the development of the resist layer after said exposure, and forms the resist image of a three-dimensions 
configuration, In the formation approach of a three-dimensions configuration of having the process which etches 
said resist image and base material into coincidence, and imprints the three-dimensions configuration of a resist 
image to a base material The residual membrane curve of a resist is considered as the configuration which uses a 
resist and/or resist image formation conditions which serve as a residual membrane curve of a loose inclination. 
[0017] Moreover, the formation approach of the three-dimensions configuration of this invention is set to the 
formation approach of the three-dimensions configuration of above-mentioned this invention. The configuration 
whose resist which serves as a residual membrane curve of said loose inclination is a resist of low resolving power 
with low contrast, The configuration whose resist image formation conditions which serve as a residual membrane 
curve of said loose inclination are the baking conditions and/or the development conditions of a resist In the 
configuration whose resist and/or resist image formation conditions which serve as a residual membrane curve of 
said loose inclination are conditions from which the contrast of a resist becomes 2.0 or less with a gamma value, 
and the process which exposes said resist layer the configuration which performs reduced projection exposure — or 
— It has considered as the configuration which heats the resist image of this three-dimensions configuration at 
temperature higher than the melting point of this resist after the process which forms the resist image of a three- 
dimensions configuration by said development 

[0018] Moreover, the minute three-dimensional structure object of this invention is considered as the configuration 
which manufactures the three-dimensional structure object which sees microscopically and has the shape of 
smooth three-dimensions surface type by the formation approach of the above-mentioned three-dimensions 
configuration. 

[0019] Furthermore, the press-forming mold of this invention is considered as the configuration which manufactures 
the press-forming mold which sees microscopically and has the shape of smooth three-dimensions surface type by 

the formation approach of the above-mentioned three-dimensions configuration 

[0020] Hereafter, this invention is explained to a detail. In the formation approach of the three-dimensions 
configuration of this invention, first, a resist layer is formed on a base material and said resist layer is exposed using 
the mask for lithography which has the protection-from-light nature pattern to which the exposure reinforcement 
which reaches this resist layer is changed continuously. 

[0021] Here, although any ingredients can especially be used and it will not be restricted if it is the high ingredient of 
lightfastness or a mechanical strength as a base material ingredient, the engineering plastics represented by charges 
of an infrared-transparent material, such as glass ingredients, such as a superhard ingredient of SiC, WC, TiC, 
Cr3C2, TiN, and aluminum203 grade and a quartz, and Si, germanium, and potyamides are mentioned, for example. 
Although especially the configuration of a base material is not restricted, a substrate is usually used. 
[0022] Moreover, formation of a resist layer is formed by the existing approaches, such as a spin coat a DIP coat, 
and a spray coat about a solution type resist and is formed by the existing approaches, such as vacuum deposition, 
sputtering, and CVD, about solid type resists, such as an inorganic resist. 

[0023] In this invention, the mask for lithography which has the protection-from-light nature pattern to which the 
exposure reinforcement which reaches a resist layer is changed continuously is used. Generally this is for changing 
continuously the exposure reinforcement to which it reaches a resist layer since the residual film thickness after 
the development of a resist changes corresponding to the exposure light reinforcement (light exposure) exposed on 
the resist and changing the residual film thickness after the development of a resist continuously. 
[0024] Here, some classes are mentioned as a mask for lithography which has the protection-from-light nature 
pattern to which the exposure reinforcement which reaches a resist layer is changed continuously. For example, the 
mask to which a part of optical density [ at least ] of a protection-from-light part was changed continuously is 
mentioned. Such a mask changes the thickness of a light-shielding film continuously, or changes the presentation of 
a light-shielding film continuously, and is obtained. 

[0025] As other masks, the mask which made a part of spacing [ at least ] of the protection-from-light part of a 
mask spacing below the diffraction limitation of exposure wavelength, or the mask which made a part of spacing [ at 
least ] of the opening part of a mask spacing below the diffraction limitation of exposure wavelength is mentioned. In 
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this case, what is necessary is just to carry out to below the marginal pitch that shows these spacing below, in 
order to make spacing of the protection-from-light part of a mask, or spacing of an opening part into spacing below 
the diffraction limitation of exposure wavelength. 
Pc=lambda/NA (1+sigma) 

Here, in a marginal pitch and lambda, exposure wavelength and NA show the numerical aperture of an exposure 
machine, and sigma shows [ Pc ] the filling factor of the protection-from-light part in a pixel, respectively. Although 
the configuration of a protection-from-light part will not be restricted about the filling factor of a protection-from- 
light part here especially if it is a configuration which can carry out adjustable [ of the face shield product in one 
pixel ], configurations, such as the shape of the shape of a line and a dot and a rectangle, are mainly used. 
[0026] In addition, if it is when carrying out contraction exposure using a stepper, spacing of the protectionTfrom- 
light part of an actual mask (reticle) or spacing for opening is not made into spacing below the diffraction limitation 
of exposure wavelength, but it is made for spacing of a protection-from-ljght part or spacing for opening on the 
resist by which contraction projection was carried out to turn into spacing below the diffraction limitation of 
exposure wavelength. 

[0027] When width of face (pitch) of the pattern which can be imprinted correctly, or area of a pattern is set to 1 
and exposure reinforcement in this case is set to 1, without being influenced of diffraction, the mask mentioned 
above tends to make the width of face or area of a pattern one or less, and tends to obtain one or less in-between 
exposure reinforcement using the effect of diffraction. 

[0028] As a mask of further others, the mask which made a part of spacing [ at least ] of the protection-from-light 
part of a mask spacing below the resolution limit of a resist, or the mask which made a part of spacing [ at least ] 
for opening of a mask spacing below the resolution limit of a resist is mentioned. For example, if the resolution limit 
of a resist is 1 micrometer, let spacing of the protection-from-light part of a mask, or spacing of an opening part be 
spacing of 1 micrometer or less. Since the marginal pitches mentioned above when the resolution limits (resolving 
power) of a resist differed also differ, this tends to take this into consideration. Therefore, if the resolution limit of a 
resist is 2 micrometers, let spacing of the protection-from-light part of a mask, or spacing of an opening part be 
spacing of 2 micrometers or less. 

[0029] In addition, if it is a transparent ingredient to exposure wavelength as a mask substrate, all can use, and if it 
is the matter which can imprint the pattern which has the contrast of the optical density needed for a transferred 
object through a mask as a light-shielding film which constitutes the protection-from-light section, all can use about 
the formation ingredient of the mask for lithography which has the protection-from-light nature pattern to which the 
exposure reinforcement mentioned above is changed continuously. Specifically as a mask substrate, a quartz-glass 
plate, an aluminoborosilicate glass plate, etc. are mentioned, for example. Moreover, as a light-shielding film 
ingredient chromium, chromic oxide, tungsten silicide, tantalum silicide, molybdenum silicide, silver colloid, etc. are 
mentioned, for example. 

[0030] An electron ray mask besides a photo mask and an X-ray mask and an ion beam mask are also contained in 
the above-mentioned mask for lithography. Moreover, actual size exposure of adhesion exposure (contact exposure), 
contiguity exposure (pro squeak tee exposure), actual size projection exposure (mirror projection exposure), etc., 
reduced projection exposure, etc. are contained in the exposure approach. If reduced projection exposure is used, 
compared with actual size exposure, a more detailed microstructure can be formed easily. Furthermore, ultraviolet 
and the light, excimer laser, an X-ray (synchrotron radiation ****), an electron ray, an ion beam, etc. are contained 
in the exposure light source. 

[0031] In this invention, in case the development of the resist layer after the above-mentioned exposure is carried 
out and the resist image of a three-dimensions configuration is formed, it is characterized by using the conditions in 
which the resist image which sees microscopically and has a smooth front face is formed. It is because it is stair- 
like if continuous change of this exposure reinforcement is seen microscopically although the exposure 
reinforcement which reaches a resist layer with the mask for lithography which has the above-mentioned specific 
protection-from-light nature pattern will change continuously, if contrast uses the resist of high resolving power 
with this high, so the front face of the resist image of the three-dimensions configuration acquired sees 
microscopically and becomes stair-like (notched). 

[0032] Then, this invention persons invented using positively the conditions which cannot form a sharp resist image. 
Specifically by this invention, a resist and/or resist image formation conditions which serve as a residual membrane 
curve of a loose inclination are used. 

[0033] Here, the residual membrane curve (characteristic curve) of a resist is a curve which takes the value 
(remaining rate of membrane) which took the common logarithm of an exposure along the axis of abscissa, and 
standardized the thickness after developing negatives on an axis of ordinate by spreading thickness, and is generally 
obtained, and the configurations (inclination etc.) of this residua! membrane curve change with own properties (class 
of resin which constitutes a resist etc.) of a resist, the heat treatment conditions (prebaking conditions etc.) of a 
resist, development conditions, the exposure light sources, etc. Moreover, the inclination of a residual membrane 
curve is called a gamma value (gamma value), this gamma value serves as an index showing the contrast of a resist, 
and riser resolution also goes up contrast so that this value is high. Generally, the gamma value of negative resist is 
defined by the inclination (tangent value of an angle of inclination) of a residual membrane curve in case a, remaining 
rate of membrane is set to 0.5, and the gamma value of a positive resist is defined by the inclination of a residual 
membrane curve in case a remaining rate of membrane is set to 0. 

[0034] Therefore, if a resist and resist image formation conditions which serve as a residual membrane curve of an 
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inclination loose as a whole are used, the resist image of the smooth configurations (edge etc.) of low resolving 
power where contrast is low can be formed. This is because the residual film thickness of a resist can be controlled 
in the range where exposure reinforcement is large as the inclination of a residual membrane curve is loose, and the 
resist residual film thickness according to a delicate change of exposure reinforcement can be obtained. 
[0035] Here, although the resist of low resolving power with low contrast is mentioned as a resist which serves as a 
residual membrane curve of a loose inclination, such a resist carries out selection adjustment and prepares the 
content of the class of resin which constitutes a resist, a sensitization material, a solvent, etc., etc. 
[0036] Moreover, as resist image formation conditions which serve as a residual membrane curve of a loose 
inclination, the baking conditions and/or the development conditions of a resist are mentioned. This is for the 
configuration of a residual membrane curve to change with the heat treatment conditions and development 
conditions of a resist as mentioned above. 

[0037] As development conditions, developing time, the development approach, the class of developer, 
concentration and temperature, the dissolution property of a resist, etc. are mentioned, and these conditions are set 
up so that it may become the residual membrane curve of a loose inclination. Since especially the dissolution 
property of developing time or a resist affects the resist configuration after development (resist profile), it sets up 
conditions in consideration of this. Since [ which various these conditions are changed, actually creates a residual 
membrane curve specifically, and should just set up various conditions based on this ] development temperature, 
the development approaches (spray ** in a spray method or convection-current rate of the developer in a dipping 
method), etc. affect resolution, conditions are set up in consideration of these again. 

[0038] Prebaking is performed in order to usually remove a solvent out of the resist film, but in this invention, 
prebaking temperature and prebaking time amount are set up so that it may become the residual membrane curve of 
a loose inclination. 

[0039] In addition, in the usual semi-conductor process, if a gamma value takes into consideration that the resist of 
2.0 or more high contrast and high resolution is used, it can be said that they are the conditions from which the 
contrast of a resist becomes 2.0 or less with a gamma value as the resist and/or resist image formation conditions 
which serve as a residual membrane curve of a loose inclination. Here, like the case of the residual membrane curve 
mentioned above, since the value of a gamma value changes with the own property of a resist, the heat treatment 
conditions of a resist, development conditions, etc., if these are adjusted, it can acquire a desired gamma value. 
Although it is desirable that it is 2.0 or less from the above-mentioned reason as for the value of a gamma value, Jn 
order to make effectiveness of this invention into a clearer thing, it is desirable that a gamma value is 1.5 or less, 
and it is still more desirable that it is 1.0 or less. What is necessary is just to warn against becoming extremely low, 
since the resist residual film thickness according to a delicate change of exposure reinforcement is obtained about 
the minimum of a gamma value. 

[0040] In addition, as a class of resin which constitutes a resist, photopolymerization nature resin, such as 
photodegradable resin, such as photocrosslinkable resins, such as a photodimerization mold photopolymer of a 
cinnamate system and a metal ion dichromic acid mold photopolymer, a photolysis bridge formation mold 
photopolymer of an azide system, a photolysis insoluble mold photopolymer of diazo **, and a photolysis meltable 
mold photopolymer of a quinone diazide system, an unsaturated polyester system photopolymer, an acrylate system 
photopolymer, a nylon system photopolymer, and a cationic polymerization system photopolymer, the inorganic 
resist of a chaicogenide type, etc. are mentioned, for example. These resin may be used independently, and may mix 
and use two or more kinds. 

[0041] By this invention, the resist image of a three-dimensions configuration may be heated at temperature higher 
than the melting point of a resist after the process which forms the resist image of a three-dimensions configuration 
by the above-mentioned development A resist deforms by this and it becomes smooth. Thus, if heating melting is 
performed after the above-mentioned process, compared with the case where heating fusion is carried out 
independently, the resist image of a three-dimensions configuration with them will be acquired for a short time. 
[ there are few local defects with few waves, and smoother ] 

[0042] In this invention, after the above-mentioned development process, a resist image and a base material are 
etched into coincidence, and the three-dimensions configuration of a resist image is imprinted to a base material. In 
this case, for imprinting the same configuration as a resist image, the etch rate of a resist and a substrate base 
material is made equal. Moreover, for acquiring the configuration compressed into the lengthwise direction, the etch 
rate of a resist is made quicker than the etch rate of a substrate base material, and for acquiring the configuration 
conversely extended to the lengthwise direction, the etch rate of a resist is made later than the etch rate of a 
substrate base material. 

[0043] In addition, since an etch rate changes with the etching conditions in the resist and etching system to be 
used, it needs to judge these synthetically and needs to choose etching conditions. Since an etch rate changes with 
conditions, such as structure (class) of equipment an etching pressure (gas pressure), an etching output, a quantity 
of gas flow, and substrate temperature, in using a dry etching system especially, it is necessary to judge these 
synthetically and to choose etching conditions. 

[0044] In addition, although wet etching and dry etching are mentioned as the etching approach, in order to imprint 
the configuration of a resist pattern to a substrate correctly as much as possible, it is desirable to adopt dry 
etching. Although especially a dry etching system is not restricted, well-known dry etching systems, such as parallel 
monotonous mold reactive-ion-etching equipment and magnetron ion etching equipment, are used, for example. 
[0045] The mixed gas which contains the simple substance gas of CF4, CHF3, C2F6, a fluorine system that is 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran^web_cgi_ejje 



04/11/26 



4/4 ^— v 



represented by CI2, and a chlorine system, or these gas as gas used for dry etching is desirable. Moreover, inert gas, 
such as gas, such as oxygen or hydrogen, or helium, Ar, may be mixed in these gas if needed. 
[0046] according to the above-mentioned this invention approach — microscopic — seeing — the shape of smooth 
three-dimensions surface type — it can form . Moreover, according to this invention approach, it is effective 
especially as the manufacture approach of the microoptics components which can manufacture efficiently the 
microstructure of the smooth front face which structure control was improved by precision to three dimensions, and 
need the shape of smooth surface type for them microscopically practically especially. Furthermore, according to 
this invention approach, the minute press-forming mold of the smooth front face which structure control was 
improved by precision to the three dimensions which were not able to be acquired conventionally can be 
manufactured efficiently. In addition, the formation approach of the three-dimensions configuration of this invention 
is not restricted to a microstructure, but can be applied also to the structure of the usual magnitude. 
[0047] Other invention of this invention is three-dimensional structure objects characterized by manufacturing by 
the formation approach of the three-dimensions configuration mentioned above. The three-dimensional structure 
object of this invention is a microstructure which structure control was improved by precision to the three 
dimensions which have the shape of smooth three-dimensions surface type microscopically, and is effective 
especially as microoptics components which need the shape of smooth surface type microscopically practically. 
That is, conventionally, this invention attains utilization of the microoptics components which were not able to be 
obtained as a practical use product and its utility value on industry is very high. 

[0048] In addition, especially the application or class of microstructure are not restricted. As an application of a 
microstructure, the application as microoptics components, micro machine components, and micro sensor 
components is mentioned, for example. Moreover, as a class of microoptics components, gratings, such as spherical 
lenses and aspheric lenses, such as a convex type lens, a concave lens, an anamorphic lens, and a lenticular lens, a 
triangular waveform grating, a sinusoidal form grating, and a trapezoidal wave form grating, prism, a zone plate, a 
Fresnel lens, a holographic lens, etc. are mentioned. As a class of micro machine components or micro sensor 
components, a convex type spherical-surface object, a concave spherical-surface object an aspheric surface 
object, a drill-like projection object etc. are mentioned. 

[0049] in addition, two or more microstructures [ this invention ] — arrangement of arbitration — arranging — being 
producible — producing a microstructure continuously further **** — the microstructure of continuation one 
apparatus — a continuum is producible. 

[0050] Other invention of this invention is press-forming molds characterized by manufacturing by the formation 
approach of the three-dimensions configuration mentioned above. According to the press-forming mold of this 
invention, a microstructure can be mass-produced easily. 

[0051] Here, although any ingredients can especially be used and it will not be restricted if it is lightfastness, 
thermal resistance, and the high ingredient of a mechanical strength as a base material processed into a minute 
press-forming mold, the engineering plastics represented by charges of an infrared-transparent material, such as 
glass ingredients, such as a superhard ingredient of SiC, WC, TiC, Cr3C2, TiN, and aluminum203 grade and a quartz, 
and Si, germanium, and polyamides are mentioned, for example. 

[0052] In addition, glass, plastics, etc. are used as an ingredient to press. In this case, the optical glass of BK-7 
grade is used as glass. Moreover, in using plastics as an ingredient to press, transparent materials, such as a quartz, 
are used for a press die, it is filled up with ultraviolet-rays hardening resin between a press die and a transferred 
substrate, ultraviolet rays are irradiated, resin is stiffened, and it can carry out press molding of the microoptics 
component made of resin etc. Here, as ultraviolet-rays hardening resin, well-known resin, such as mixture of 
polystyrene resin, an epoxy resin, urethane resin, polyolefin resin, polyimide resin, polyamide resin, polyester resin, or 
these resin, can be used. 

[0053] Furthermore, a heat-resistant ingredient is used for a press die, and it is filled up with heat-curing resin 
between a press die and a transferred substrate, and with heating, heat-curing resin can be stiffened and the 
microoptics component made of resin etc. can also be cast. Here, as heat-curing resin, well-known resin, such as 
mixture of polystyrene resin, acrylic resin, an epoxy resin, urethane resin, polyolefin resin, polyimide resin, polyamide 
resin, polyester resin, or these resin, can be used. 
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EXAMPLE 



[Example] Hereafter, based on an example, this invention is explained still more concretely. 
[0055] The positive type styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
1.0 was applied on the example 1 quartz substrate 3, and the resist 4 was exposed with the actual size g line 
adhesion exposure machine using the photo mask 1 which has the circular protection-from-light pattern 2 as shown 
m drawjngj. < drawing. 2 (a)). Here, what shall have the protection-from-light pattern 2 with which the occupancy 
area of a protection-from-light part decreases gradually toward a circle periphery, and spacing of a protection- 
from-light part made below the marginal pitch (Pc=0.1 1 micrometer) was used for the photo mask 1 shown in drawing 

[0056] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A.G.) 
(developing time 120 seconds, prebaking temperature of 90 degrees C, time amount 60 minutes), and 20 
micrometers of vertical angles and the convex type spherical -surface resist image 5 with a height of 1 micrometer 
were formed ( drawing 2 (b)). 

[0057] Using parallel monotonous mold reactive-ion-etching equipment, supply the high-frequency power of 250W 
and on then, C2F6. flow-rate 50sccm and the conditions which made the etch rate of a resist 4 the same as that of 
the etch rate of a substrate 3 Dry etching of the quartz substrate which has the above-mentioned convex type 
spherical-surface resist image was carried out, the convex type spherical-surface resist image 5 was imprinted to 
the quartz substrate 3, and 20 micrometers of vertical angles and the convex type spherical-surface object made 
from a quartz with a height of 1 micrometer were formed ( aVawing 2 (c)). 

[0058] 20 micrometers of vertical angles and the convex type sphericahsurface object made from a quartz with a 
height of 1 micrometer which were acquired in the example 2 example 1 are made into a matrix, and it is filled up 
with a photopolymerization nature monomer (monomer INC312 for 2by Japanese chemistry medicine company P) 
between a matrix and a substrate. By the exposure reinforcement of 20 mW/cm2 The mercury-vapor lamp was 
irradiated for 240 seconds, polymerization hardening of the monomer was carried out and 20 micrometers of vertical 
angles and the concave spherical-surface object made of resin with a depth of 1 micrometer were formed. 
[0059] The positive type styrene system photoresist 4 corresponding to g line whose gamma value is 2.0 was 
applied on the example 3SiC substrate 3, and spacing of the protection-from-light part the part is indicated to be to 
drawin S 3 exposed the resist 4 with the actual size g line adhesion exposure machine using the photo mask 1 (less 
than ! Pc=0.1 1 micrometer ]) which has the protection-from-light pattern 2 which changes gradually ( drawing 4 (a)). 
[0060] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A.G.), further, 
heat treatment was performed for 30 minutes at 200 degrees C, and the sinusoidal diffraction-grating resist image 5 
with a grid pitch 105.6 micrometer and a grid depth of 0.698 micrometers was formed ( drawing 4 (b)). 
[0061] Then, using parallel monotonous mold reactive-ion-etching equipment, the high-frequency power of 250W 
was supplied, on CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 quicker than the 
etch rate of a substrate 3, dry etching of the SiC substrate which has the above-mentioned sinusoidal diffraction- 
grating resist image was carried out, the sinusoidal diffraction-grating resist image 5 was compressed and imprinted 
to the quartz substrate 3 in the lengthwise direction, and the sinusoidal diffraction grating with a grid pitch 
105.6micrometer and a grid depth of 0.279 micrometers was formed ( drawing 4 (c)). 

[0062] The sinusoidal diffraction grating with a grid pitch 105.6micromete7obtained in the example 4 example 3 and 
a grid depth of 0.279 micrometers was made into the matrix, after heating the glass which consists of 70 % of the 
weight of silicon dioxides, 25 % of the weight of lead oxide, and some kinds of other trace element components, it 
pressed, and the glass sine wave diffraction grating with a grid pitch 105.6 micrometer and a grid depth of 0.279 
micrometers was formed. 

[0063] The positive type styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
0.7 was applied on the example 5SiC substrate 3, and the occupancy area of a protection-from-light part exposed 
the resist 4 using the photo mask 1 (less than [ Pc=0.50micrometer ]) which has the zona-orbicularis-like 
protection-from-light pattern 2 whicK decrease in number gradually toward the periphery the part is indicated to be 
to drawing 5 with 5 times many g line [ as this ] reduced-projection-exposure machine ( drawing 6 (a)). 
[0064] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A.G.), and the 
Fresnel lens resist image 5 by which the diameter of 48 micrometers and the configuration with a depth of 3.88 
micrometers were reversed was formed ( dr awi ng 6 (b)). 

[0065] Using parallel monotonous mold reactive-ion-etching equipment, supply the high-frequency power of 250W 
and on then, CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 quicker than the etch 
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rate of a substrate 3 Carry out dry etching of the SiC substrate which has the Fresnel lens resist image by which 
the above-mentioned configuration was reversed, and the Fresnel lens resist image 5 by which the configuration 
was reversed is compressed and imprinted to the quartz substrate 3 in a lengthwise direction. The Fresnel lens 
object made from S.C with which the diameter of 48 micrometers and the configuration with a depth of 1 55 
micrometers were reversed was formed ( drawing 6 (c)). 

[0066] After having made into the matrix the Fresnel lens object made from SiC with which the configuration 
acquired in the example 6 example 5 was reversed, being filled up with the epoxy resin which mixed and obtained 
Ep.coat 152 by the o.hzed shell epoxy company, and the epicure 114 by the oil-ized shell epoxy company between 
the matrix and the quartz substrate and carrying out heat hardening for four days at 30 degrees C. the matrix was 
lengthened and removed and the Fresnel lens made of an epoxy resin with a diameter [ of 48 micrometers ] and a - 
height of 1.55 micrometers was formed. 

[0067] The positive type "styrene system photoresist 4 corresponding to g line which adjusted the gamma value to 
0.7 was applied on the example 7PMMA substrate 3. and. the width efface of the protection-from-light part the part 
(it corresponds to the part of Illustration A) is indicated to be to drawing 7 exposed the resist 4 using the photo 
mask 1 (less than [ Pc-0 50m.crometer ]) which has the protection-from-light pattern 2 which changes gradually 
with 5 times many g line [ as this ] reduced-projection-exposure machine ( dra win g 8 (a)). 
[0068] Subsequently, the photoresist 4 was developed with the developer (AZ developer by Hoechst A G ) and V 
ditch type resist image 5 with a slot include angle [ of 1 20 degrees ] and a channel depth of 40 micrometers was 
formed ( drawi ng 8 (b)). " " 

[0069] Using parallel monotonous mold reactive-ion-etching equipment, supply the high-frequency power of 250W 
and on then. CF4 flow-rate 40sccm and the conditions which made the etch rate of a resist 4 later than the etch 
rate of a substrate 3 Dry etching of the PMMA substrate which has the above-mentioned V ditch type resist image 
was carried out V ditch type resist image 5 was extended and imprinted to the PMMA substrate 3 in the lengthwise 
direction, and V ditch type made from PMMA with a slot include angle [ of 60 degrees ] and a channel depth of 120 
micrometers was formed ( drawing 8 (c)). 

[0070] In addition, when the front face of the microstructure formed in the above-mentioned examples 1-7 and a 
minute press-forming mold was observed by SEM (scanning electron microscope), it saw microscopically and having 
the shape of smooth surface type was checked. 

[0071] Although the desirable example was given above and this invention was explained, this invention is not 
necessarily limited to the above-mentioned example. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Prawingjj It is the top view showing the photo mask used in the example of this invention. 
[Drawing 2j It is the process explanatory view showing the production process in the example of this invention. 
[Drawing 3] It is the top view showing some protection-from-light patterns of the photo mask used in other 
examples of this invention. 

[Drawing 4 ] lt is the Process explanatory view showing the production process in other examples of this invention. 
[Drawing 5] It is the top view showing some protection-from-light patterns of the photo mask used in other 
examples of this invention. 

[Drawing 6] It is the process explanatory view showing the production process in other examples of this invention. 
. [Drawing .7] It is the top view showing some protection-from-light patterns of the photo mask used in other 
examples of this invention. 

[Drawing 8] It is the process explanatory view showing the production process in other examples of this invention. 
[Description of Notations] 

1 Photo Mask 

2 Protection-from-Light Pattern 

3 Substrate 

4 Photoresist 

5 Resist Image 
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DRAWINGS 



[Drawing 1] 
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T. Uv^h«*8^ B**>&«#0»RdMa* 
[0 0 17] *fc. *«W0H*5c^tt<D^fie*aii. 

±E*Bwa>=*5E»*a>»ja*ft(=feL^r. web* 
*ftB*a>BBBBfc*4i5fcu$*Xh#. a>h^ 
X h*<(S<ffi«ft*OL/vX h-cfc&8tj£. MEB*fr 
&«*<D»RttB£**«fc3ftUi>x KB»j«ft#^. 

uvx h^^-^ftfrfc^tf/sfcttaBftfr-efcSB 

ft. lTEa**&ff*aaRttB&&«.J:3ttk^Xh 
B*tf/*fcl*b9XhB»ft*ftftt. UvXh<7>a> 
K7Xhtftf>7lT2. 0&T£ ft** 5 fc 
6Bi** »ffibvx H8*8ftt^li«:a3^t; ti/h 
BBBft*fT5«ft. **tMi. BBBBBBl^y 



[0 0 18] *«Ma>«/h=*7c«i6*i*. ±ffi 
«H«5cSB»«£*'r«=«7cBB{t:«aB-r«Btt 

[0019] £b(c % *»WO^UXfi6^1fii. ±E= 
*5c»ttQ»ft*ai=J:oT. «BW(c*T*Ab.35>«: 
=«7cBH»«***r6^L^xrt»fi*B3t-r*«rti 

[0 0 2 0] ht. *ftB$B«(=KW^«. MHO 

Xhfg£«£ftU C(DUi?x hBI=Hit-*"*B3ftBB« 

[00 2 1] WttWiLTI*. Wpttt*a« 

ttftfMlcMJUutti^ fflxli. s i c. wc, 

TiC C r3C2. T i N. A I 2O3»0>fi«*MSk 5 

UTS K«ftifl=ftB**i*x>S?i7U>y^5Xf 
If S*tO0»«l*1*lc«IH**ift^ 

[0 0 2 2] UvX hiOMt *«*-f:7a> 

UvX H=ol\TttXtfVa— K f-f^3-K X 
^U-a-h«©R#0)*a»=J:y»rtL. iSUvX 

cvD*©B#0*jati=j:y»rt'r *. 
[0 0 2 3] *BM-ei*. u^x hBicMB-T^BftB 

BTX?£ffll**o d*L[*. -ftSfcuvX ho 

(S&S) (=»fcLTBftrr«fctf>* Uvx HBlciyg 
*4B#BB*»«Mi=Bft*i*Tuyx ha>S«&0> 

[0024] zzv. u»x higizmmt zmit&mz 

*-J8vx?i:LTI*. l*<o*fl>H«A<*lf b4x£ e 
Bft0»O«¥Btta>'>«:<j:t-ff£SBn 
l=Bft*1*fcTX^36<»lf&*t« 0 Z0£5t£-?XO 

[0 0 2 5] tetf>-?X£<t LTJ*. VX$O)J£5fcaJ#0> 
HH0)*<i:< i4i-«*B*a»a>H«TR»J2lT<DBH 
tlfc7X^, fe*lM*7X*<Dffln«#<DmMa>*ft 
< fc t-ff«BftB«OB«fH*JElT(DnM^ Lfrvx 
^*<^if b^v^p -o^. Tx^o5g5taj^a>p B iiKfc 
«^M:nQB#®HBCB«tt<a>BlfrH»fiLTOflB 
k-f&\zi* % c*i&a)BH*TElc^"rB#e^^ttT 



(4) 
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Pc=A/NA ( 1 +CT) 

Hmii-o©e?*;Uft©3^®g*<l3l6T?#£«N*-C 
[0 0 2 6] ftfc\ XT'y/<-$fflLN-C*i/hS3t-r€)lg 

nHA«iMtng*»o!>inii«B«tt«a>H«TiRiiittT 
©HPSfcTa©T?i*ft<. «'Ma»**ifcu2?7. k±i= 

£©IaltfrK#&rF©rfS]Ri<t ft 4 J; 5 (=f 5. 
[0 0 2 7] ±&Lfcvx*li. @ffr©f5g£gl-f-.&;: 

!*/<* — >©H«£1 <hLC©ii£©g5fc3$g£i iL 
fci§£\ /<£->©<Sfe.&lMiBg£ 1 lilT<t LHJSt© 
fijffl LT 1 1SlT<D"t>IBMft8Jt»fiE*#«fc 5 1 T 

[00 2 8] £ blcKllOTX^ t LT(£, ^X?©^ 
SP#©RSjRi©'>ft < t t-Ui UvX KDKitK^KlT 

©'J>ft< t t-ffl»£ l/v7 h©fl¥&RB#)aT©fS1Ri,!: L 
fcvx^A^lfbHS,, ixlf. UvXKOSMW 

^©FbIus* 1 tim&Torsiffit-rz* c*u±, u-;?x 

tSft-5fcttc*i^#JtL«kai-r-5>t.(0-e36^ < , Lfc 
tfoT, UvX K0»«BB#*<2//m-efc*Vl^ 77^ 

[0 0 2 9] ftfc\ ±a!LfcS3feiiK£a«M(z*<l:2 

UTSMfttt»T?fc*iii*TffifflA<^-c?fey. sgjtas 

£££*i£7fc¥S£©=>> h^X h£*Tt 

ictt. vx^steturi*. 41*1*. 5S**7X«. 7 

;i/5/^ai/'j>7--h*--5X«ftifA<^(ff,*i.S 0 * 
fc, S*K*t««t IXlt. mz.lt. *PA S IHb^P 

'J 'JIM h\ ffizia-f KftifA<^lf 

[0 0 3 0] ±I3'Jy757-f-ffl?X?C:l*, 
TX*. XtllTX?©^ S^-STX^W^-i/e-A 

TX* *fc. S#*fcl=li. KSSit (= 

KBit) . ass* s^vs*) . m 

ti/hfifBSJfeftt**<#**v*. «/MSS*85fc£ffl 



•>?u— t\ xts (-»^p hp»»stjt#fc) . . e 
-f^-^e-Aftt**^*^^,, 

[003 1] *JBWI=fcl^TI*. ±iB8&&©l/vX h 

B£8»fflSLT=&7ci*tt©ui>x h&$«2fig-f a® 
k> «!«fl<iicHTft«)f)ANftss$^-r«)i/e?x mja< 

n> h^x hA<s<s»«*coui;x h^ffl-r-st, 
a«wi=fisi:fgs«i:ftoTL^fc«>. #p>*v*=^ 

[0032]^Ct. *SS8JJ#t»l±. v*-?ftUvX 
K«*<»*-e tft(^<fc 5 ft£<*£i§«IKJlc<Sfflf S z fc 
fc^itOl^::,, MtttfJCKi. #*BJ-C?|±. Ig-pAvftfgt 
©SBfflJg £ ft 5 J: 5 ft U vX h J: U/^tzlt 0 vX 

[0 0 3 3] CC-C. Ui?XK(DSKfi« (ttttffitt!) 

^(O^H^Sflj^li-eS^bLfcffi (»■«) itot 
i±. i/vx (uvxh^fiE-rsmBi©® 

») . SfitffiS^fr. S*3tli^lc«koTSE<b-r*„ * 

-«fltiic***s^vx h©rtei*&&$#o. sift* 

#i>ffibi>x h©r<ii±SK^A<o tft*i#©anffi 

[0034] Lfc*<ox. ±<*t Lr«^ft«troa 
Effl«<bfti>«t?ftUi?X hfeWL/vX h«m«ft<* 
Sffiffl-f*.!:, =i> H5X h*<«< «««*©fttf>c.^ 
fti^tt ©Ui?Xh<ftA<)^JST?#4. C*i 

KBt?Ui?X h©SEHS*H8-Ct, SA^S©«»ft 
a<b(=(Si:t= l/*X h«K)5*^ C i: A<"C#*A^-C 

[0 0 3 5] c:t, IS^ft«#©SEffl«tfti,J: 
5ftUi?X LTIi. 3>h7X KA<i<fi|R«Aa) 

ftif$S«SISLTlHK-rs. 
[0 0 3 6] £f=. «^*>ft«*©«Ktt«<!:ft«.«t9 
ftUvX Urii. UvX h©/<-^ft# 



(5) 
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[oo3 7] mm&vtt lti*. sumr. 

SMtiScoaS, ggfccfct/jgjt, UvX hO)$g«ftttft 
[0 0 3 8] ^'JK-^iatuyx hR4>^&»M« 

[0039] fcfc\ a*a>*»(*3fp-bx-ctt»>Ttt 

fttt±ft*<fc5ftl^X hte*tf/*fcl*UvX hflfcjfc 

rtta)tti*. ±&Ltz&m&&0®£t®mz. uvx 
hfi*a>1*tt^ uvx hoiMUMHt. S«ffl3i&# 

2. 0iilT-C?fe4ci:p!)<»^Ll>a)*efe-5A<. *&^<J> 

< ft f>fti>«fc a i=tt*r*itf* i\ 

[0 0 4 0] ftfc, b?XhettJft*-«WBa>aH£L 
»SS*tt»g§ft^(Dft»»ttl8it, ^WpjKUxxt' 

[0041] *an-ett % ±B9MMui=j:y=ft5c* 

vx h«*us?x KD»jia«fcy tmtju-efeiMLTt 
&i\ ztiiz&i) uvx h*<K»LrftA&^tft«. 

«»«l=Jt^. 5tey*^>ft<Sffl»ft*P8*< 



fro. cfcyftAP)frft=*7c^)Ra>L/i?x hft 
[0042] ±iBS*xH©tt. UvXh 

©»ttse¥t**(ciib$;x htTifeStrcDx.y^v^ 
iciiuvx ha>x^^>^isa^Ti6**ta>x^^>y 

[0043] ft*>\ x^^^^aaiiffifflf *u»xh 

ix^^v^Sfincteitsx^^vyjfefrrccfcoTKft 

«f gita>8l& (BB) *»x«/^>?E:fc 

(#XE) . x?*>yui!K tfXSSft. SffiS&fci* 
0*frlCcfcoTx^5 L >^i$gfra!^1-4^-C. CtVb 
««^ttl=flKUrxy^>yftfr*a!R-riiBK3&<fc 

[0 0 4 4] ftfc\ Zyf>jf*afcLTI»IyH 
(4. K5-fx^^>y$«ffl-rszi:A<»*Ll\ 

fr¥«s y 7 * < ^ *>x ? ^ >y»a^Ty * h 

□ > * > x v ^ > y 8S3?0)#*n <7> K =b -f x »v * > y 

[0 0 4 5] K?*x^>?|::£ffl*£#x*LT 
I*. CF4. CHF3. C2F6. C I 2KttS£*l£cfc 5 
&7?BB. **jR©*(*rfX. *fcl*C*l&0)*XS 

*t L <(**** if ©#X, fc*lM*He. Arft£(D 

[0 0 4 6] ±E*«W*af= i fc*Ltt. MSMlcJlTft 
3*JCj:*ltf. H^5clC«SJ:<«it*ltS*+iycft^bfr 

««Mi=ftA&frftas^«*i&fi<tt--sflS/h*^9a 

< * ft^ b fr ft$@(D«/jN ^ UXJSJ&S 6 

«j^«t<Sii-e^4o ftfc\ «:ftna>H%5c»«a>»A' 

[0 0 4 7] **M<7>f6<DagWI*. ±aLf==*5c^« 
<D » «fc o THig L ^ t ^ <k -6 =*7cfll 

^ft=«5cSB»tt« *-r4=*5c(=«*«fc < «S*J» 

**ifc«/W«a(fcfty. ^ffi±«ffiMicft^bfrftS 
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-5. ?•«+>*>. a*. mmsi&'atLx'&zz 

. & 0-1* #£* o fcft/h3t^®f n tf>Hfflfc $ 0 o fc t <D T? 

&ys*±©fiiffia<fiA<««>TKi>. 

[0 0 4 8] 46. B'J*ta*a>B**BBIi*l=aB 

*jMu\ a^aaaoaatL-ctt. a** 
t LT©aa*«aif&*i*. *f=. tt'Mt¥*A0aa 

<tLT(i. db£!U>X. T-i-t?* v<7 U 

>X. l/>f*a7-l/>XSf(DSIU>X«|f«IL/ 
>X. =ft*»?U— r-f >7. Ett«»^U-— 

XA. '«/— >^U— K 7b*;UU>X. 7tvQ^77-C 
s/*U>Xftif*<aiff>*ia. 7-f9P7*y->M* 

v-f^n-tv-y— baobb* lti*. aaa*®*. a 

BVlBtt. **B*. BttaiB<**if*<aife>ili-6. 
[0 0 4 9] fcfc. «B®B'Nlt**«e 

ilfliCIILTMLfey. 3MI-*fi©«'JM«»i 
«**aBf*C 

[0 0 5 0] *3£W<Dffi>©£l!Bli. ±aLfc=3fe5E»!K 
©BJiOfrftlc J: oTSit Lfcd & $W«<t f 4 ^UXfiE 

**w©^i/x«»ai=**iii. a*a& 
**sai=*«aaT?#*. 

[0051] «'h^i/Xrt©ai=iinx*ti4S ■ 

«t urit. wfttt^aait. a«waso5jsiv»»-c 

axli. S i C. WC. TiC> C r3C2» 

t i n, a 1 203Baaatm. 5*a©#5x*w. 
s i . g •«a>»*«aatm. tkuts Ka*ifi=ft 

S i< tli I >S>x7 'J >7 7 5 X 5 1 v i a 4<aif * *l 
[0 0 5 2] ft*. ^UX-r-5*t»t LTtttf^X-P? 

i-5s?sf<Dsw*ti4^fflL>. amiaflsiwa^i/xB 

<t«e¥Sffit(0(aic3t^L. B*a£B*L?BB£ 

a<b * e?aBBoa*tt9x?a« ? ux jjta-c* 

cct, anaaibaa^: lti*. ^uxfu>« 
it. i?K4rvaa. t>u*>aBi. tf>)*\s?<>int 

St. #'M5 KBB. iKUTS KBB. tfyxx^vuB 

hi. fc«iM*c4i&a>Ba®a*ftaaaoBB«HEB 

[0053] ^uxBi=BBtt4maaiv a 
aflsaBt^i/xB^aaaaa^omc^aL. mm 

fcafll t «<b * tt TBBB0B'Mfc*B? 

^*/«s-r4^tt"c#4„ aaitBB'&L-c 

I*. ^'J7.^u>fflBI. T^U*BB, xiK*5>BB. 
«5u*>BB.-»Ky*U7-f >«B. iK'HS^m 



#M7£KBB. TK'JxX-f^ttBS. feSlMiCtib© 

aBon^aa^aottB^aa -t? * * . 

[00 54] 

txaai jut. nmm-tk-3&*&w£zt>tzato 
[oo5 5] siaai 

53sSffi3±lc r <i^ 1 • oi=BBLfc«tt»a#$?fi 
Xfb>l7thl/vXMSHSL. 0 1lc*-fJ:5 

ftnaa*/<*->2$«-r*7+ 1 %mi> 
r. aagaa»B}fea-eu5?xh4fl)B3t$ffof= 

(0 2 (a) ) . ZZT*. 0 1 IZTjkfPt hVX? 1 
I*. n*Blca*oTB&a#a£*B&*<B*(::X'> 

A<a#tf'V^ (Pc=0. 1 Ifim) JslTt Lfct(D$ 

[0 0 5 6] Jfclvc. (^*X httgAZf^P 

h4©aatfTi* (aaarai 

2 0». ?'J*— ?SS9 0°C. BB6 0#) . **ft2 
0//m. S$ 1 //m(DdbS«BUi>X b&SZBULUz 
(02 (b) ) . 

[0 0 5 7] ISLVC. ¥ff 3 Fffia i J7'?7 L -<^'f7|->X 
v7>^BB£BlV 2 5 0W©BSSE1ASML. 
C2F63SM5 0 s c cm. 1/yX h4©I-yf >^ilS 
*WE30i7f >«f»|tH-t IfcJtfrt. ±150 

isii/vx Ka«ar«eaaa« K^-fx^^v^ 
l. dbSBBu*xxha5«eaac3i=a?Lr. a 
ft 2 o p m. a* 1 *i mweiiSiaii^Bfts^fifc Ltz 

(02 (c)') „ 

[0058] mmm2 

aa«>l1 •P^t.*Lfc»ft2 0//m. 1 //mfl)55fi 

ttS2Pffl=E>'T-I NC3 1 2) $SS«tS«i:(DP a 1 
l=Jt*L. 2 0mW/cm2<DBStBlS-C. 2 4 0»B 
TkffiiT^BgttL^/T-^S&aibLT. Mft 2 0// 

m. a?* i jimoaBBSiaajsBfc^fiELfco 
[0059] nmm3 

s i csffi3±ic r a*<2. o-efcSga»j£tfi>sx 

f U>$7*H/vXh4SitL, ®3ic-f-ro-fig*< 

«*ftTtx*B3ta»©BB*«a«l=afl:t 

— >2$^-T47* 1 (Pc=0. 11HmKl 

t> aai^r. a«gaaas3feaTUvxh4(DS5t 

£*Tofc (04 (a) ) „ 

[0 0 6 0] JfclvC. 3Sa» l-ttiAZf^Q 
KL/vX K4©aa*fftV 2 

oo 4 cT?3o»®i»«ia$J6u-c. a^-e-y^i 05.. 
x ha5$^iaLf= (04 (b) ) „ 

[00 6 1] ai^T. ¥ff¥«S) , J7^7 L -f^-1'^->X 

v^>^BBCaiv 2 5ow<oa@aa^^ttJSL. 

CF43SS4 0 s c cm. l/vXH4ff)I^f>yiig 
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>*«30>x?*>yaitj:ys< Lfcftftr. ±eje 

fcl8*|fi]|cE«LTE¥LT. 1 05. 6/i 

nru 0 . 2 7 9/i ma>jES*SHII»r»*£»rt L 

fc (04 (c) ) . 

[0062] glffiflH 
Stt«3-CHf>tLfc»^lf^f 1 0 5. 6/im,tt?S 
*0. 27 9/Mma>Ett»|B«r**t*H4:t. 

^tfff105. 6//m,»?S*0. 279/imOS 
[0063] SEfefflS 

s i cg*S3±(z r <t£o. 7icBBLfc«ia»**y 

X*1 (Pc=0. 5 0/imlUT) £El^T. gfg5f£ 

«'Ma»B*«"ei/^h40>»*tfTofc (me 

(a) )' 0 

[0 0 6 4] *lvC % (^XhttfiAZf^P 
) t?7t hlxi?X h4 0>SB£frlV l§4 8/i 
nru S$ 3. 8 8/lmO)»«A<fie*3|lfc7U*;H/V 

Xi/^h«5 6MU: (06 (b) ) o 

[0 0 6 5] g^T, ?ff¥fia'J7^f-f^t>i 
"^^>yaiB*HlV 2 5 0W<BB«»B:*)*flM&U 
C F435S4 0 s c cm. l/vX h40I'>f >^SS 

JH/>XI/9X h«5*5*»B3l=B*aicEIBLT 
LT\ HS-4 8 fi m„ 1 . 55/i mtiMMKtfE 
C**lfcS i Cfi7l/*;H/>X»£^Lfc (0 6 

(c) ) 0 

[0066] mmme 

S8tt«5t?»6*ifc»«A<fiK**Lfcs i cB^U*;u 
b>Xf*£#$!<t U *Mt->i^xjK*->ttBxtfa- 
H 5 2iBfci/xJUXiK*$4tBXl£*a.7 1 144 
«B*LTfffeX7K^*>BBMB4eSBC40HI= 
^Uj^o^xi^^^^^^fc^. 

*H^TES487m>S^ 1 . 5 5jUm(Dl**i/tt 
[0067] Hfifefl!)7 >/ 

lpM«s^«3±(zrj^o. 7lcBBLfc-gBttB# 
vfi^l^i*^fTUi>x K4*B*L. 0 7lc*tf> 
-« (0^A<DtP#(Ctti£-T6) A<3K**lTl**B*» 
#«)*3ft<»^ lcBftr*5B*/<*->2 h 

7X^1 (Pc=0. 5 0|lmJSlT) *Bl*T, bB5 
*«'Mai5B*«Tb^Xh40B**ffofc (08 



(a) ) 0 

[0 0 6 8] *lS-e % 3RBJS (AWHtlAZf^P 
T7t hl^X h4 0>SB£fHV 3tftSl2 
0° , »»*4 0//m(DV*BU^XHft5*»rtLfc 
(08 (b) ) o 

[0 0 6 9] fcl*T. ¥ff¥fiI>J7^f^?-ft>I 
7f>yW6ffll\ 2 5OW0)gMl^^L, 
CF4SEB4 0 s c cm* Ui/X h 4 OX ^ 

ta*3o>x^^>yatt < fcya< Ltftft-e. ±ibv 

3?£|UvX h&£*Tf *>PMMAgffi£ K7<X7f> 
?U Vlil/vX hB5£PMMA»«3l=«*|Sill:: 
SI#El£LT&¥LT, 3|fig6 0 e , ffiR$ 1 20/1 
mfl) P MM A£S V3$5i!£fl£filc Lfe (08 (c) ) 0 

[0 0 7 0] ^BB»«1~7*»rtLfctt/N*. 
a««5«fci;«/J^UXrt»B<D«ffl^SEM (£29B 

[007 1] £l±»*Ltx|U6«$fclfT**^*»M 
[0 0 7 2] 

»ic, IM±«Bttf=ttA 
&^4«B»*t^Bt^S»/h5fc¥»fpa>Bfi*at 

c £0>T?#ftfr ofc=*5cl=«* J: < BBMB^ 
*ifcft«>6^ft«Ha)B/h^UXrt»i!*«i*J: < Sag 

[0 0 7 3] *fc % *BMa>B«»lcJ!,T*A6^ft= 
*7c«B»«t*-r4«/h=*5cB3t«:i*. tt*HfflS 

«Bofc«a> a eft4BB±OHBBB«qi»TBU. 

[0 0 7 4] *«MO)^l/X*»ffl(=€k*lli. 
EBB0B*&Bff] 

[0 1 ] *nwo9mmvmmLtz7* ktx^^ 
■r¥®0-c?fe£o 

[0 2 ] *«w<DSttt«(=a3i+*B3txa**-rxB 

[0 3] MBOttdDMM-eBBLfc?* h7X{? 
<D5S5t/^-VO)-»&^f¥B0t?46-6o 

[0 4 ] *«wa>tta> jt«i«i=teit-&»a±ss *-r 
xfgS&W0-cfc£o 

[0 5] *«M0)f6a)Stli«!l'C«fflLfc7* h^x* 

<Da5te/<*->o>-»s*-r¥BBrfc* 0 

[0 6] «BB0ttO>BB«!ll=fiH'«B&XB«^t- 
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[0 7] *f&w0>fao>&nmv&mLtz?* h?x^ 
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